Previous studies have shown that B-type natriuretic peptide (BNP) is useful in differentiating cardiac from pulmonary causes of dyspnea in adults. To date, international guidelines have recommended measurements of circulating BNP as a biomarker for diagnostic and prognostic purposes, as well as therapeutic monitoring, in adults with cardiac diseases, particularly those suffering from acute and chronic heart failure (HF). The aim of the present study was to investigate the differential diagnostic and therapeutic analysis of BNP levels assayed in pediatric pneumonia accompanied by HF. The clinical data of 80 patients with pneumonia, aged 1-3 years, were analyzed. The patients were divided into two groups: Simple pneumonia (46 cases) and pneumonia accompanied by HF (34 cases). All patients underwent two plasma BNP assays: The first one upon admission to the hospital and the second one prior to discharge. The plasma BNP levels of 20 healthy children were used as the negative control. Plasma BNP levels were measured using the Triage ® BNP automated immunoassay systems and reagents. Statistical analysis showed that the plasma BNP levels of the patients upon admission were higher in the pneumonia accompanied by HF group compared with those in the simple pneumonia group (750±120 vs. 135±50 pg/ml; P<0.05). In addition, in the pneumonia accompanied by HF group, the plasma BNP levels of the patients were higher upon admission to the hospital than they were prior to discharge (750±120 vs. 115±45 pg/ml; P<0.05); therefore, plasma BNP may comprise a sensitive diagnostic and therapeutic evaluative marker for pediatric patients with pneumonia accompanied by HF. This finding could prove invaluable in the clinical diagnosis and treatment of the disease.
Introduction
Cardiac natriuretic peptides (NPs), such as the atrial NP (ANP) and B-type natriuretic peptide (BNP), as well as their associated peptides, comprise a complex family of peptide hormones, which are produced and secreted by the human heart (1,2). The physiological role of BNP is to facilitate the adaptation of the myocardium to strain or stress imposed by a volume and/or pressure load. BNP has emerged as a promising marker for the diagnosis of heart failure (HF), as well as the determination of prognosis and monitoring of treatment effects in adult patients with the disease (3, 4) .
Prognosis permits clinicians to separate patients with HF into subgroups based on likely health outcomes. This separation encourages effective targeting of therapies to subgroups that are most likely to require and benefit from treatment, while minimizing risks to the other subgroups, such as adverse effects. The Canadian National Institute for Health and Clinical Excellence (NICE) guidelines for adult chronic HF note that higher BNP and N-terminal proBNP (NT-proBNP) levels are associated with poorer prognosis in HF. For adults the NICE guidelines recommend transthoracic Doppler 2D echocardiography and specialist assessment for persons with suspected HF, and BNP ≥100 pg/ml or NT-proBNP ≥400 pg/ml. The 2013 Canadian guidelines recommend using BNP and NT-proBNP to obtain prognostic information on patients with HF (5). In addition, the European HF guidelines contain a table of prognostic factors for adults, which includes both peptides (6) .
HF is a condition in which the heart cannot, at a normal filling pressure, pump blood at a rate proportionate to the demands of the metabolizing tissues (5, (7) (8) (9) (10) . The diagnosis of HF remains a clinical challenge in all settings, particularly with regard to pediatric patients. Pneumonia is a frequently encountered disease in children, and, in severe cases, it may influence their cardiovascular function or even cause HF. It is usually an extremely difficult task to determine whether severe pneumonia is accompanied by HF, mostly due to limited communication between the pediatrician and the child, but also due to the fact that the symptoms often manifest more severely than would be expected from the underlying condition (2) . For that reason, the present study focused on investigating the differential diagnostic and therapeutic analysis of the plasma BNP assay levels in pediatric pneumonia accompanied by HF. (11) (Figs. 1 and 2). In addition, 20 healthy children were enrolled in the study as negative controls. There were no statistical differences in the age and gender of the subjects among the three groups. All patients who participated in this study were confirmed to not suffer from any congenital heart disease or hepatic or renal disorders. The patients received treatments that were in accordance with the guidelines for pneumonia and/or HF. Briefly, for pneumonia, antibiotics were administered, and oxygen support, cough relief and sputum reduction were performed. For pneumonia accompanied by HF, alongside the previously mentioned treatments, conscious sedation, cardiotonic treatment, diuresis, and blood vessel expansion were performed.
Clinical specimens. Venous blood (2 ml) was collected from all patients twice for plasma BNP detection. The first samples were collected on the day the patients were enrolled in the study, prior to treatment, and the second samples on the day the patients were discharged from the hospital, following the disappearance of the symptoms. The Triage ® BNP automated immunoassay systems and reagents (Biosite Diagnostics, Inc., San Diego, CA, USA) were used to detect the plasma BNP levels, according to the manufacturer's instructions (12) . During the evaluation, blood samples were collected in tubes, which contained potassium EDTA. A fluorescence immunoassay kit (Triage; Biosite Diagnostics, Inc.) was used for the quantitative determination of BNP in the plasma specimens. The analytic sensitivity, stability characteristics and precision of the system have been previously described (13, 14) .
Statistical analysis. The data are presented as the mean ± standard deviation. Analysis of variance and χ 2 tests were performed in order to determine the statistical differences among the different groups. All P-values were determined by two-sided tests. P<0.05 was considered to indicate a statistically significant difference. The statistical analysis of the data was performed using SPSS 10.0 software (SPSS Inc., Chicago, IL, USA).
Results
Plasma BNP levels in patients prior to treatment. The plasma BNP assays performed upon the enrollment of the patients in the study showed that the BNP levels of group 2 (750±120 pg/ml) were significantly higher than those of group 1 (135±50 pg/ml) (P<0.05, group 2 vs. group 1 ; Fig. 3) ; however, no significant difference was observed in the BNP levels between group 1 and the negative control (125±34 pg/ml) (P>0.05).
Plasma BNP level in patients following treatment. The results of the plasma BNP assays performed upon the enrollment and prior to the discharge of the patients showed that, in group 2, the BNP levels of the patients (750±120 pg/ml) were significantly higher upon enrollment than those prior to discharge (115±45 pg/ml) (P<0.05, group 2 at enrollment vs. group 2 at discharge; Fig. 4 ). The BNP levels in group 1, however, showed no significant difference between the specimens collected upon enrollment (135±50 pg/ml) and those collected prior to discharge (105±86 pg/ml) (P>0.05, group 1 at enrollment vs. group 1 at discharge; Fig. 4 ).
Discussion
The discovery of ANP >30 years ago (15) was a milestone for the implementation of a laboratory marker of HF in the Figure 1 . Chest radiograph of (A) patients with pneumonia: Diffuse distribution of spot or schistic shadow, localized large consolidation shadow in the lobes of the lung; (B) patients with pneumonia accompanied by heart failure: Diffuse exudation in pulmonary alveoli, diffuse schisitc shadow in both lungs, enlargement of podoid. Figure 3 . Plasma BNP assay performed on the day of the patients' enrollment showed that the BNP levels in the patients with pneumonia accompanied by heart failure were significantly higher than the BNP levels in the patients with simple pneumonia ( * P<0.05). No significant differences were observed in the BNP levels between the patients of the simple pneumonia group and those of the healthy control group. Data are presented as the mean ± standard deviation. BNP, B-type natriuretic peptide. Figure 4 . Plasma BNP assay on the day of the patients' enrollment and the day of discharge. In the group of patients with pneumonia accompanied by heart failure, the BNP levels upon enrollment were significantly higher than those prior to discharge ( * P<0.05), whereas no significant difference was observed between the BNP levels of the specimens from patients with simple pneumonia collected at the two time-points. Data are presented as the mean ± standard deviation. BNP, B-type natriuretic peptide. 
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clinical setting; soon thereafter, it was discovered that the heart also secretes BNP, a second NP (16) . It is now apparent that the heart is also an endocrine gland releasing NPs from the hemodynamically stressed myocardium as a result of increased atrial or ventricular myocardial stretch or strain. BNP is expressed in the myocardium, brain and adrenal glands; however, the main source of BNP synthesis and secretion is the heart (1). The BNP system is considered to be one of the most important hormonal regulators of cardiovascular homeostasis and function (1,2,4) . Furthermore, it has been reported that this family of cardiovascular NPs plays a paracrine and autocrine role in the maintenance of the myocardial and vascular structure and function (3, 4) . Soon after its discovery, the first finding of increased ANP plasma concentrations in patients with HF was reported (17) . The potential for a plasma marker in HF was thereby raised, and investigations in this area have since received significant attention, with a particular focus on clinical applications. In subsequent comparative clinical studies, BNP emerged as a superior diagnostic marker compared with ANP-derived forms (1, 12) . The significance of BNP in the diagnosis and risk stratification of patients with HF, as well as various other cardiac conditions, has also been largely investigated during the last two decades (12) (13) (14) . Studies have focused on the impact of the NPs on disease and treatment monitoring, and their effect on patient management has been demonstrated (1,2,4,12,13,18) .
In clinical terms, HF is a syndrome with typical symptoms and signs, such as fatigue and breathlessness, and pulmonary crackles and elevated jugular venous pressure, respectively. Patients with HF may have either a reduced or preserved left ventricular ejection fraction. The diagnosis of HF can be complicated, since the clinical features of the condition are not always sensitive or specific, particularly in pediatric patients. The challenges of diagnosing HF in children emphasize the importance of evaluating whether other biomarkers can assist the diagnosis of the condition. Furthermore, the characteristics of these other biomarkers should be examined for their prognostic utility and usefulness in guiding therapy. The NPs, including BNP, have been shown to be useful in facilitating the diagnosis, prognosis, and management of HF in adults. BNP is secreted into the bloodstream by cardiac myocytes in response to increased ventricular wall stress, hypertrophy and volume overload, and its levels are increased in HF; therefore, BNP appears to be a promising marker for HF (5, 6) .
The present study focused on the differential diagnostic value of BNP in pneumonia accompanied by HF in pediatrics patients. The Biosite Triage BNP assay, which was the first device to receive the Food and Drug Administration approval in the United States, was used for the definitive diagnosis of congestive HF in patients within an acute setting with dyspnea (12) . In the present study, the plasma BNP levels in patients with pneumonia, pneumonia accompanied by HF and healthy pediatric patients were detected, and it was found that the BNP levels in patients with pneumonia accompanied by HF were significantly higher than those in the patients with simple pneumonia. No differences were observed in the BNP levels between the patients with simple pneumonia and those in the healthy control group. The BNP levels of the patients were also compared prior to and following treatment. It was observed that, prior to treatment, the BNP levels in the patients with pneumonia accompanied by HF were significantly higher than those following treatment, which was not the case with the patients in the simple pneumonia group. No differences were observed in the BNP levels of the patients of the simple pneumonia group prior to treatment compared with those following treatment.
Previous studies have investigated the prognostic value of BNP in HF and consistent findings have shown that BNP is an independent predictor of all-cause and cardiovascular mortality, as well as other cardiac outcomes, such as worsening HF and hospitalization (19) (20) (21) (22) . In addition, these studies suggested that BNP levels that were measured prior to discharge or post-treatment were better predictors of prognosis than those measured at other time-points; however, the aforementioned studies focused mainly on adult patients. By contrast, the present study investigated the differential diagnostic value of BNP in pediatric patients with pneumonia accompanied by HF without congenital cardiac disease.
In conclusion, BNP may represent a useful biomarker that could be used for therapeutic monitoring and to help distinguish pediatric patients with pneumonia accompanied by HF from pediatric patients with simple pneumonia. BNP may therefore become a useful biomarker with diagnostic and prognostic value in pediatric patients with pneumonia accompanied by HF.
